Bulletin No. 77 - Horse Feeding by Merrill, Lewis A.
Utah State University 
DigitalCommons@USU 
UAES Bulletins Agricultural Experiment Station 
6-1902 
Bulletin No. 77 - Horse Feeding 
Lewis A. Merrill 
Follow this and additional works at: https://digitalcommons.usu.edu/uaes_bulletins 
 Part of the Agricultural Science Commons 
Recommended Citation 
Merrill, Lewis A., "Bulletin No. 77 - Horse Feeding" (1902). UAES Bulletins. Paper 99. 
https://digitalcommons.usu.edu/uaes_bulletins/99 
This Full Issue is brought to you for free and open access 
by the Agricultural Experiment Station at 
DigitalCommons@USU. It has been accepted for 
inclusion in UAES Bulletins by an authorized 
administrator of DigitalCommons@USU. For more 
information, please contact digitalcommons@usu.edu. 
'I' 
EXPERIMENT ST A TION 
OF 
THE AGRICULTURAL COLLEGE 
OF UTAH 
Bulletin No. 77. 
The" Institute" Team, Cap and Maud. 
Horse Feeding. 
JUNE, J902 • 
. LOGANt UTAH. 
p .re.88 of THB F, W, G ARDINBR COMPANY , 
.~!;l)t ~.ake City. Utah , 
THE AGRICULTURAL EXPERIMENT STATION OF UTAH. 
BOARD OF TRUSTEES. 
HON. WILLIAM S. McCORNICK. President. 
HON. EMILY S. RICHARDS. 
HON. D. C. ADAMS, 
HON. LORENZO HANSEN. 
HON. ROSINA N. BAGLEY. 
HON. JOHN A. McALISTER. 
HON. SETH A. LANGTON. 
Salt Lake City 
• Salt Lake City 
. Salt Lake City 
Logan 
• Ogden 
Logan 
Logan 
OFFIOERS OF THE BOARD. 
W. S. McCORNICK, President, 
P. W. MAUGHAN. Secretary, 
ALLAN M. FLEMING; Treasurer, 
Salt Lake City 
Logan 
Logan 
EXPERIMENT STATION STAFF. 
W. J. KERR, Pres;ident of the Collej(e 
JOHN A. WIDTSOE. 
F. B. UNFIELD. 
JAMES DRYDEN. 
G. L. SWENDSEN •• 
r.EWIS A. MERRILL. -
EPHRAIM G. GOWANS, 
J. A. WRIGHT, -
]OH~ A. CROCKETT, -
PATER A. YODER. 
W. W. McLAUGHLIN, 
WILUAM D . BEERS, 
Director and Chemibt 
Animal Industry 
Meteorologist and Poultry Mgr 
Irrigation Engineer 
- Agronomist 
Biologist 
• Horticulturist 
Assistant Dairyman 
Assistant Chemist 
Assistant Chemist 
Assistant in Irrigatiofl 
The Bulletins will be sent free to any address in the State, 
on written application to the Experiment Station, Loga~, Utah 
CONTENTS. 
I. Introduction .................... . 
Page. 
129 
II. Lucern versus Timothy............. .... . ..... . . . ....... .. .. 130 
III. Reducing the amount of fodder fed to horses. . . . . . . . . . . . . . . . . 141 
IV. Relative value of oats and bran and shorts...... .. . . . . . . . . . . . 144 
V. Lucern alone as a maintenance· ration for horses when at 
rest and at work....... . . . ... .... .......... . ... .......... 145 
VI. The diuretic effect on horses of early cut, medium cut and 
late cut of the first crop of lucern.. . . . . . . . . . . . . . . . . . . . ... 147 
VII. The amount of water drank as infiuenced by the food... . .... 157 
VIII. Time of watering horses. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 159 
IX. Whole versus ground grain for horses .... . . . . . . . . . . . . . . . . . . . . 159 
X. The effect of blanketing horses.... ... . .. . . ...... .... .... . .... 160 
XI. Feeding horses hay and grain mixed. .. . . . .. . . . . . . ........ 160 
XII. A comparison of cut and whole hay for horses . . . . . . . . . . . . . . . . 160 
XIII. Narrow versus wide nutritive ratios for horses. . .... .. .. .... . 161 
XIV. Relative value of corn and oats for horses . ... .. . . . ... . ...... 161 
XV. Summary of conclusions . . . . . .. . . . . . . . ... . .. . . . . ............ 162 
Fig. 1. - Harness for collecting uriue. 
Fig. 2.- K ing. After a summer1s feeding on z.ucern. 
Fig. S.-King. After a peT'/:od of timothy feeding. See Experiment V. 
Fig, 4 Billy, . ljtPl' (l. 'U'lflmer'S feed?'ng On 7'/)('ern 
Fig.5.-Billy, After a period of timothy feeding, See Experiment V. 
Fig 6.-Prince. Grade Clydesdale. 
Fig. 7.- Nig. Grade Shire. 
Pig . 8 -Totum . 
"Fil} .. 9.~.Jnck . 
HORSE FEEDING. 
LEWIS A. MERRILL. 
INTRODUCTION. 
Previo.us experiments repo.rted by this Statio.n have sho.wn 
t he va~lle o.f lucern, the principal fo.rage cro.P o.f this sectio.n, 
w hen fed to cattle, sheep and hogs. The main part o.f this 
b ulletin is devoted to. the value o.f lucern when fed to horses, 
t hough a brief review o.f the work previo.usly done at this Station 
in connection with the subject o.f horse-feeding is included. 
There has been, and is, some prejudice existing against 
l ucern fo.rming a part o.r all o.f the ration of horses, no.t only in 
t he East, where the value o.f this crop is not yet fully appre-
ciated, qut also in Utah. Much discussion has been running 
t hrough the agricultural press, during the past few years, con-
,c erning the effect of lucern on horses. Some writers maintain 
t hat the plan~ has pro.ved to be such a strong diuretic that it is 
no.t safe to feed to ho.rses for a very long period. * Other 
writers have maintain~d that the constant feeding o.f lucern 
is a most fruitful source o.f "heaves"! in horses. 
In Utah few liverymen will use lucern; and on many farms, 
l ucern is fed to. the cattle, sheep and hogs, but it is co.nsidered 
absolutely essential to provide timothy for the ho.rses. Lucern, 
however, is the sole forage crop o.n most of the Utah farms; as 
a rule, it forms the sole ratio.n o.f the young sto.ck, o.f the 
milk cows, and o.f the horses, except during tho.se seasons when 
s evere labor is required of them. 
The ' experiments reported in the following pages, were 
undertaken for the purpose o.f determining if the prej udice ex~ 
isting in the minds of many horsemen against lucern, has any 
foundatio.n; and also to establish data as, to the value of lucern 
when used as horse feed. 
*See Breeder' s Gazette, Vol. XXXIX, No. 21. 
i Heaves is f.\. disea se closely a llied to asthma ; it is sometimes . spoken of as 
" Broken Wind ." It is certain that dusty. musty forage of a ny kind will cause this 
t rouble. Dr . Law claims tha t it has advanced we'stward in the United . 'tates just in 
proportion a s clover h a y ha s been introduced as the fodder for horses, and has disap-
peare d in the New England States in the proporti()n as the soil has become clover sick 
a nd a s o t her forlrl e rs nave been supplied. 
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Much of the work is confessedly incomplete, as it has 
been impossible in many instances to conduct the work in a 
strictly scientific manner. For instance, it has not been found 
possible to measure the exact amount of work done, or the 
proportion of the different foods digested; other data are lacking 
too, which, if obtainable, would have added greatly to the value 
of the results. The following topics have been under consider-
ation Juring the course of the experiment: 
1. The relative feeding value of lucern and timothy. 
II. The practicability and ecot;lomy of reducing the amount 
of fodder fed to horses. 
III. The relative value of oats and bran and shorts for 
horses when fed with lucern and timothy. 
IV. Lucern ·alone as a maintenance ration for horses 
when at rest and at work. 
V. The diuretic effect on horses of early cut, medium 
cut, and late c·ut of the first crop of lucern. 
VI. The amount of water drank by horses, as influenced 
by the food. 
In the experiments, the horses owned and used by 
the Experiment Station have been used. In each set of com-
parisons, one horse in each team has been used. Since both 
horses in a team have had exactly the same work, though the 
work of the teams has varied, this division has eliminated the 
factor. of work as affecting comparative results. 
LUCERN VS. TIMOTHY. 
Experiment I-The first experiment was oegun on January 
13, 1899, and continued uninterruptedly for 95 days. Two 
teams were used in the experiment. One team, Billy, age seven, 
and Nig, age 12 years, are grade shire geldings. The other 
team, King and Prince, grade Clydesdales, were six and five 
years old respectively, at the beginning of the experiment. 
Both teams were worked every working day, during the exper-
iment, at ordinary farm work. The work consisted, in the 
main, in drawing manure from the town to the College farm. 
and was not con~idered very severe labor. One horse in each 
team was fed lucern, the other horse being .fed timothy, each 
horse receiving the same amount of grain. Both hay and grain 
were accurately weighed, twenty-five pounds of hay and ten 
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pounds of bran and shorts being given to each horse in twenty-
four hours. During this experiment, most of the hay was fed 
at night, though no weighings were taken as to the amount of 
feed given at eacb meal. The feeder was instructed to feed 
most of the roughage at night and to give the largest feed of 
grain during the noon hour, and the instructions were carefully 
observed. In no instance was any grain left in the manger, 
and where the roughage was left, the amount was carefully 
recorded. 
TABLE NO. I., LUCERN vs . TIMOTHY-JAN. 13th TO APRIL 19th, 1899-95 DAYS. 
IKing (Timothy) lprinCe (Lucern) IBilIY (Timothy) I Nig (Lucern) 
Daily 
Date Weight Waste Weight Waste Weight Waste Weight Waste Ration Timo- Lu- Timo- Lu-
1899 Pounds Pounds cern Pounds Pounds cerll thy-Ibs lbs . tby- Ibs Ibs . 
-------
- - - ----- - - - ----
c *Jan.13 1432 15 1326 ...... ... 1412 .... .... H38 . ... .. .. 
CIS 
'" CC Jan.30 
.... 
1445 15 1360 10 1410 15 1455 7 
0 
'" '0 Feb.13 1450 10 1355 '2 1400 4 U30 2 c 
::s 
.! 0 ~ 
'" 
Feb.27 1410 12 1345 1 1400 19 1450 ... ..... 
0 0 
.... ..c 
- rn ~ Mar.lS 1410 4 1350 2 1405 25 1440 17 CIS 
"d tIl c 
.... CIS 
0 
III 
Mar.27 1400 7 1350 3 1405 9 1455 18 
"d 
C 
::s Apr.l0 1395 8 1340 a 1405 12 1450 18 
cf 
~ *Apr.19 1385 8 1330 ....... . 1335 17 1430 12 
Total gain . .. . . . . .. - 47 .... 4 ... . .... -77 ... . ... . -8 . .. . .... 
Total bay eaten ... 2311 .... .. .. 2354 ... ..... 2274 .......... . 2301 
Total grain eaten. 950 ... . 950 ... . .... 950 ... ... 950 . .. ... . 
Cost of food eaten . $11 .68 ... . .... $ 9.46 ... ... .. $11.51 ....... $ 9. 35 . ..... .. 
Cost per day .. ...••• $ .124 ... . .... $ .099 ... ..... $ .122 .... .... $ .098 . ...... . 
*Represents tbe average welght of four days. 
It will be seen from table 1 that with two exceptjons the 
waste from the horses fed timothy was greater than that from 
those fed lucern. The two horses fed timothy, however, lost 
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124 lbs. while the horses fed lucern lost but 4 lbs. During the 
week ending Apri119th, Billy and Nig were doing exceptionally 
hard work, which accounts for the great loss from the preced-
ing weight. It will be observed that while Nig, on lucern, lost 
bu t 21 lbs., Billy on timothy, lost 70 lbs. The cost of feed 
is based on the prevailing prices during the experiment. 
Timothy, $6.00 per ton; lucern, $4.00 per ton, and bran and 
s horts, 50 cents per hundred weight. 
Experiment II-On April 19th, after the experiment had 
been in progress 95 days, the horses which had received lucern 
were fed timothy and the timothy fed horses were given lucern. 
This was done in order to eliminate whatever influence the in-
dividuality of the horses might have on the experiment. 
TABLI!.: NO. 2.-LU CER,N VS. TnlOrHY-APR,[L 19th TO JUNIi] 15th, 1899-:>6 DAYS . 
Daily 
I King (Lucern) I PriIICth;rimo- \ Hilly (Lucern) I Nig (Timothy) 
Ration Date Weight Waste Weight Waste Weight Waste Weight Waste Lu- Timo- Lu- Timo-
1899 Pounds cern Pounds Pounds cern Pounds lbs. thy- Ibs lbs. thy-Ibs 
- -- - - - - - - --------- --III 
~ Apr. 19 V385 1330 1335 1430 a 
0 
Q. Apr. 24 1350 3 c: 1300 1310 1360 10 
Q) 
Eo! 
;., ~ May 1 1360 1315 8 1270 ( 1355 20 
C!! "-
tI: 0 
..cI 
.... rn May 15 1400 1305 39 1350 1375 
0 
-e 
'" = ~ C!! May 29 1405 9 1300 34 1350 1370 S 
= 
I 
(5 C!! 
a., "- June 5 1430 1305 22 1350 1 1370 32 
Q) ~ 
~ 13~5 >. June 12 12iO 32 13iO 1335 34 
... 
c: 
Q) 
1360 ~ June15 14~5 .. ...... 1335 1365 
E-t 
Total gain . .. . . .... 50 5 25 -65 
Total hay eaten . . . 1387 1258 13!-J6 1297 
Total grain eaten. 560 560 560 560 
Cost of food eaten. $5.59 $6.57 $5 .60 $6 .69 
Da : Iy cost of food . $.099 $.117 $.099 $.119 
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The beginning and closing weights given, are the 
average of the weights taken four consecutive days. It 
will be seen here that while the horses fed lucern 'made 
a gain, during the experiment, of 75 lbs. the timothy 
fed horses lost .60 Ib5. With all the horses there was a 
loss during the week from June 5th to June 12th, and here 
again it will be noticed that in each team, much greater loss 
came from the timothy fed horse; the total loss of the two 
timothy fed horses was 100 Ibs. and from the horses fed lucern 
4S lbs. While the weights given show in part the effect of lu-
cern as compared with timothy when fed to horses, the whole 
effect cannot be shown. Horsemen interested in the horses 
belonging to the Experiment Station made inquiries of the 
teamsters as to the cause of the raw-boned condition of the 
timothy fed horses after a few weeks feeding on that crop. The 
lucern fed horses at the close of each feeding period, presented 
a sleek, well fed condition; and the flesh, though not so firm 
to the touch as the timothy fed horses, presented a much bet-
ter appearance to the casual observer. The teamsters did not 
notice any particular effect of the feed on the willingness of the 
horses to do work, though they were agreed that if they could 
have their choice they would much prefer to feed lucern. 
E xpert"ment III.-During the summer the horses were not 
used constantly, and as they were' frequently turned to pas-
ture, no attempt was made to do experimental feeding with 
them until Nov. 20. Preliminary weighings were then made 
and the weight given for November 20th is the average 
weight for November 17th, 18th, 19th and 20th. During 
this period, the horses were fed in the same way as 
during the first experiment with the exception of the grain. 
No directions were given as to the amount of grain to be fed , 
but instructions were given to feed all horses the same quantity 
and to record the amount fed, which was done. In this in-
stance, as before. no waste grain is recorded. 
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TABLE 3.-NOV. 20th TO FEB. 20th, 1900-91 DA.YS. 
Daily 
\ Date IKing (TimothY~ l prince (LUCerOlfBillY (Timothy) I Nig (Lucern) 
Ration 1899 Weight Waste Weight Wane Weight Waste Weight Waste 
Timo· Lu· Timo· Lu-
1900 Pounds Pounds cern Pounds Pounds cern thy-Ibs lbs . thy-Ibs lbs. 
Nov. 20 1«0 ....... . 1354 .. ...... 1391 ........ la91 ... ..... 
~ Dec. 4 1485 27 1400 4 1410 31 1420 5 as 
::.:: 
.... 
.e Dec. 18 1480 13 1420 1 1405 20 1410 7 0 Q) 
II! "0 
"0 Q) 
.: Q) Jan. 1 1485 6 IH5 2 1390 17 1405 18 
= Z 0 III 0.. as Jan. 15 1460 26 1420 7 1380 26 U25 ~ Q) 
.: > 
'as ~ ;.. ,.. Jan. 29 1455 16 U15 6 1375 21 1410 8 ~ C!l 
.: 
Q) 
~ Feb. 12 U55 23 1400 15 1360 30 1(05 10 E-o 
Feb. 20 1440 12 1400 1 1350 7 1400 3 
Total gain .... . ... ... ..... .... .. .... 46. ... . .. .. -41. . .. .... . 9. . ... .... 
Total hay eaten . . . 2152 .... .. .. 2239 ...... .. 2123 .. .. .... 2219 ... ... .. 
Total grain eaten . 1105 ........ 1105 .... .... 1120 . ... ... 1120 . ....... 
Cost of food eaten . $11 .99 .... ... $10.00 ... ... . $11.97 ....... . $10.04 . ...... . 
Daily cost of food $.132 .. . .. .. $.109 .... .... $.132 . ....... $.11 ... . .... 
eaten 
In this trial, the lucern fed horses, as in previous experi-
ments, made a gain, this time of 55 Ibs. as compared with a loss 
of 411bs. from the timothy fed horses. Although all the hay 
fed was bright and clean, much more waste was recorded from 
the timothy mangers. During this entire period, the horses 
were at severe labor, consisting of drawing manure and ice 
from the town, over heavy muddy !"oads for the most part. 
Expert"ment IV.-On Feb. 20th, the horses were again changed 
in the experiment, the same instructions being observed in the 
method of .feeding and in the amount fed as in the preceding 
trial. 
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TABLE 4.-FEB. 20, 1900, TO APRIL 30, 1900-68 DA.YS. 
Daily 
I Date I Kin~ (Lucero) IprinCe(Tim'thy)1 Billy (Lucero) I Nig (Timothy) 
Ratioo Weight Waste Weight Waste Weight Waste Weight Waste 
1900 Lu- Timo- Lu- Timo-
Pound. cer ll Pounds Pound. cern P,?unds lb • . thy-Ibs lbs. thy- Ibs 
= 
Feb . 20 1«0 1400 1350 1400 
0:1 
'"' a::l Feb. 26 1425 1380 18 1350 1390 24 
a 
·a 
Mar. 5 1430 1380 25 1360 1385 37 
'"' -0 0 4) ;.:; ..,., 
d 4) Uar.19 1410 1345 19 1385 1360 78 tIl 4) 
= .... III 
0 d Mar. 26 1425 1325 18 1350 1370 26 
.. II) 
~ ~ 
'"' = 0 
=' 
-= Apr. 9 1415 1315 35 1350 .. ... ... , 1335 « 0 "J) Q., 
'"0 
4) 
= > d A.pr.16 1445 1360 24 1360 1365 24 
'+=I 
~ 
d Apr. 23 1410 1335 1390 1360 10 
CD 
~ 
E-t A.pr.30 1465 1300 3 1390 1340 6 
Total gain . .. .. . . . . 25. -40 40 . -60 
Total amouot of 1699 1551 1698 1451 hay eaten .. ... . 
Total a mount of 993 993 990 990 grain eaten •.. . 
Cost of food eaten . $8.36 $9.62 $8.35 $9.30 
Da ily ('ost of food $.123 $.141 $ .123 $.137 eaten ........ .. . 
Table No.4, shows that practically the same results 
were obtained as in the preceding trials. The cost of main-
tenance was somewhat increased owing to the increase in the 
amount of grain fed. It will be seen that nearly 15 lbs.of grain 
were consumed per day. During this experiment, the work 
consisted of ordinary farm work, plowing, harrowing, drilling, 
etc. During the same period. the light College team, which are 
used for hauling freight, cleaning up around the campus, 
driving and similar light work. were also put in the experi-
ment. Cap is a ~elding 8 years old, and Maud is a mare one 
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year younger. (See title page) . The weights of the food 
eaten by this team during April, were misplaced, and only the 
data until April 1st are available. 
TABLE 5.-FE B. 20th TO APRIL 1st, 1900-39 DAYS. 
Date I 
1900 
February 20 . .. . .. . 1130 
February 26 . . •. . . . 1130 
March 5 ... . . . . .. . 1110 
March 12 . ...... ... .J 1110 
March 19 .. . ...... 1100 
March 26 . ...... ... . 1104 
Aprill. ... ..... .... 1080 
Tota l gain . .. . .... . - 50 
Am't food .eate n . . . ...... .. ... 
Cost of food eaten $3 .(1 
Daily cost of food . .087 
Cap (Timothy) 
........ ... .. . 
42 
70 
69 
53 
42 
48 
... . .. ... . .. .. 
324 
.... .... ... .. 
.... .... ...... 
Grain 
Eaten 
...... ..... . 
72 
8Z 
82 
84 
84 
...... . ... 
488 
... ... ..... . 
Maud ( Luce rn) 
Weight I Lucern I Grain Eaten Eaten 
1110 . ........ ... . ..... . .. .. .. 
1110 104 72 
1100 105 82 
1125 117 84-
1130 101 84 
1130 96 84, 
1120 101 84 
10 . .. ... . ... 
624 490 
$3 .70 
···· ······ 1· ······· ·: 
.095 . ... ....... ......... , 
.-
For some reason Cap would not eat the same amount of 
timothy that Maud would of lucern, and it would appear from 
the table that better use was made of the timothy. Nearly 
twice as much lucern was eaten and the gain was only 10 lbs. 
as compared with a 40 lb. loss from the timothy. This is the 
first instance where the cost of maintenance was greater when 
fed lucern. 
With the draft horses the gains were again made on ,lu-, 
cern, in this instance, a total gain of 65 pounds as compared 
with a loss of 100 pounds on timothy. Even with the driving 
team a difference of 50 pounds in weight is noted in favor of the · 
animal fed lucern. 
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Experiment V. - Begin ning with Nov. 1, 1900, a11 of the 
horses belonging to the College, including those previously 
mentioned. with two general purpose horses added, were 
placed in an experiment. Jack (see figure 9) is used by the Di-
rector of the Station, and his work consistg entirely of carriage 
work. He was nine years old when placed in the experiment. 
Totum (see figure 8) is used for carrying mail and for general 
purpose work. Both of these horses do considerable work, al-
though the work of each cannot be compared with the other. 
They were placed in this experiment to determine the effect of 
lucern feeding when doing this kind of work. The following 
outline for daily feeding was gi ven to the feeder . and this 
method of feeding was continued without change uJltil Feb. 17, 
1901, when an increase was made both in the amount of hay and 
grain fed to all horses. 
DAILY OUTLINE OF FEED. 
Morning . Noon. Night. 
Kiog . . . . . ..... . ..... .. . . \ Timothy 4lbs. Timothy 11lbs . 
~ Oats 6lbs . 
Billy. 
'" 
.. .. ...... .. . j Oats 3lbs. Oats 3lbs. 
Prince ......... ......... "1 Lucero '4lbs . Lucero 11lbs . 
~ Oats 6 Ibs. 
I Oats 3lbs. Oats3lbs. Ni&' ... . . . . . ... .. .... .. . . . J 
Cap .... . ..... .. . : . .... .. , Lucero 3 lbs. Oats 4lbs. Lucero 9 Ibs. Oats 2lbs. Oats"31bs. 
Maud ... . .. . ..... . ... .. . Timothy 3lbs. Oats 4lbs. Timothy 9lbs . Oats 21bs. Oats 3 Ibs . 
Jack ... .. .. . .. .... .. . .... Timothy 3lbs. Oats'lbs. Timothy 91!ls . Oats 2lbs. Oats 3lbs. 
Totum . . . . . . ...... . .. .. . Lucern 3 lbs. Oats 4lbs. Lucero 9 Ib8. Oats 2 Ibs. Oats 3 lbs . 
Table . 6 gives the weights of the horses during this ex-
periment as well as the amount and cost of the food eaten. 
-C;l 
TABLE G.-NOV. 1, ' 1900, TO APRIL 30, 1901- 180 DAYS. 00 
I Date King Prince Billy Nig Cap Maud Jack T ntum Daily (Timothy) (Lucel'n) (Timothy) (Lucern) (Lucf'rn) (Timothy) (T mothy) (Lucern) 
Ration I 1900 I ~aste, , Waste I I W:aste I , Waste I I Waste I , ~aste \ \ Waste , I Waste Wt. Tlmo- Wt. I,U- Wt. Tlmo- Wt. Lu- Wt. Lu- Wt. Tlmo- Wt. Timo- Wt. Lu-1901 thy cern t,hy cern cern thy thy cern 
Nov. 1 1432 1395 1392 1362 1115 1100 I·· ..... 1130 1090 
:: Nov. 12 lUO 1367 1360 1350 1085 3 1070 I ~ 1100 1105 
.; Dec. 3 1420 U15 1365 1375 1100 3% 1055 1105 1110 
'tl 
.5 Dec. 17 1410 1375 1325 1335 1082 1047 lYs 1127 1112 
c 
~ .e Dec. 31 lU5 1335 1352 1355 1070 1050 50Ys 1115 1070 to 0 0 c:: 
.c 
.E Jan. 15 1(()() 1345 1370 1380 1070 4Ys 1025 73Ys 1115 1080 t'"' GIl t'"' UJ ... 
lIS 0 Jan. 31 1380 1365 1325 1355 1065 12 1025 100% 1095 1110 t%l aI ~ 
.! c ~ lIS 
';l Feb. 11 1410 1335 1345 1370 1070 3% 1015 15~ 1080 1070 0 
'tl =' Feb. 25 1405 1:165 1360 1390 1075 25% 1025 38% 1105 10to Z 0 
.: ? lIS 
.: Mar. 11 1405 1385 1350 Ys 1400 1115 61% 1060 66~ 1115 4J4 1090 4 
'" 
""-l G) Mar. 25 13S5 1370 1340 J4 1380 6 1085 59 Ys 1045 70% 1110 1110 l Ys ~ <:I 
=' 
....:l Apr. 15 1420 1390 1340 4~ 1380 10Ys 1100 92Ys 1075 95 1100 l Ys ·1100 17~ 
Apr. 30 1400 1360 1315 1395 2Ys 1115 72% 1060 68 1090 13 1100 31 
Total gain .... . . . . - 32 -35 -77 33 . -40 -40 10. 
Total hay eaten .. 3045 3045 3040 3021 2063 1862 2489 <:454 
Total grain eaten 2370 2370 2370 2370 1740 1928 1804 1619 
Cost of food eaten $30,46 $27,44 ..... .. $30.45 .. ..... . $27 .39 ..... .. . $19.79 . .. .. .. $22.94 . .. . .... $23 .70 . ... .... $19,48 
Daily cost of food 
eaten. ..... . ... $ .169 ..... ... $ . 152 ........ $.169 $. 152 . .... ... $ .109 $.127 .. ..... $ .133 ... .... $ .108 
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As in the previous experiments the horses fed lucern, 
taken together made a slight gain, while a loss resulted with 
the horses fed timothy, the total difference between the gains 
and losses of all horses being 181 pounds in favor of the lucerne 
Photographs were taken at the beginning- and close of ·the 
period which extended over a period of six months, and as will 
be seen by reference to the cuts (Figures 4, 5, 6 and 7) the 
borses fed timotby presented a much poorer appearance at the 
close tban at the beginning of tbe period. 
With the amount of food fedasshown in the "Daily Outline of • 
Feed"the waste was reduced to a minimum with the drafthorses 
as also with the two driving horses whicb were kept constantly 
at work. Cap and Maud were not worked continuously, :and 
as a result the amount of food eaten varied materially. 
One of the points brought out by the experiment is that 
while $2.00 more per ton was paid for the timothy, the total cost 
of keeping the four timothy fed horses for the six months was 
but $13.45 more than tbe lucern fed horses; if we take into ac-
count the 373 pounds of oats eaten by the two timothy fed 
driving horses in excess of the two lucern fed driving horses, 
the extra cost of feed is reduced to $10.09. 
As will be seen from the table the cost of maintenance was 
greater during this period than during the previous periods. 
This was due to the fact that oats formed a part of the ration. 
The price charged for the oats* is the average cost for the past 
several years, though the cost at present writing is 40 cents 
per hundred higher than the price given. Had enough oats 
been fed to keep the weight of the timothy fed borses constant, 
tbe cost of maintenance would undoubtedly have been greater. 
The results of tbe tests, under varying conditions of work, 
are so uniform that the value of lucern when fed to horses, may 
be regarded as quite definitely established. It did not seem a 
difficult matter to maintain the weights of horses on lucern 
when given the same amount as was given to the timotby fed 
borses. No ill effects were noted on the general health of the 
horses, and the appearance of the lucern fed horses certainly 
contrasted favorably with those which received timothy. 
Experiment V.I.-From Feb. 10, 1902 to April 10, 1902, a 
period of 60 day~, the grade Shire team was fed on lucern. and 
Oats at $ .90 per cwt. 
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timothy hay. At the end of each period, (10 days) the feed of 
each horse was changed. Table 7 gives the total amount of 
food and water ingested and. th~ loss or gain for each period. 
Period. 
First . .. . ....... 
Second ... ... ... 
Third ... . . .. ... 
Fourth . ... ... . 
Fifth . ... .... .. 
Sixth ... . . . . . . .. 
First . .... .... .. 
Second .. . .. .. 
Third ..... .... 
Fourth . ... . . 
Fifth . .. .. . ... 
Sixth ....... ... 
TABLE 7-LUCERN vs. TIMOTHY HAY. 
Kind of 
Bay 
Eaten. 
Timothy. 
Lucern. 
Timothy. 
Lucern. 
Timothy. 
Lucern. 
Lucern. 
Timothy. 
Lucern. 
Timothy. 
Lucern . 
Timothy. 
BILLY . 
I 
Amount of I Hay 
Eaten. 
Pounds 
206 
250 
212 
240 
214 
248 
NIG. 
218 
i 
168 
228 
170 
203 
164 
Amount of 
Grain 
Eaten . 
Pouuds 
150 
150 
150 
136 
129 
150 
150 
150 
150 
136 
129 
150 
, 
. 
, 
. 
Amount of 
Water 
Consumed. 
Pounds 
9Q2 
960 
746 
896 
830 
1120 
854 
676 
775 
680 
727 
877 
Gain 
During 
Period. 
Pounds 
-10 
16 
-8 
-2 
54 
-36 
50 
16 
44 
-32 
30 
-44 
. 
The only safe comparison to make from this table is the 
loss or gain for corresponding periods. It is seen that for each 
period when there is a loss in lucern there is a greater loss 
when fed timothy. ' , 
Although the horses were fed exactly the same amount of 
hay and grain, the two horses ate, during the experiment, . 253 
pounds more lucern than timothy, during an equal number of 
days. The table, too, brings out very clearly the fact that in-
dividuality is an important factor in feeding. Billy, though 
smaller than Nig and heretofore supposed to eat less, con-
.1 
Jr. 
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sumed more timQthy by 130 pounds. and more lucern by 
89 pounds, yet Billy's total loss during the experiment was 
more than Nig's. 
II. REDUCING THE AMOUNT OF F ODDER FED TO HORSES. 
Few of the stockmen in this section, in their feeding 
operations, take into account the widely differing structure of 
the stomachs of the 'various farm animals. The stomach of 
ruminants consists of four divisions, whereas the horse has 
bu t a single sac. 
As a result of this difference, digestion with a horse is a 
much simpler matter mechanically than with a cow, though 
chemically the results are similar. With the horse the food is 
not returned to the mouth, as is the case with ruminants, but 
as soon as swallowed, is brought under the action of the gastric 
juice. 
The following table gives a comparison of the intestines 
and stomach of the horse and cow:* 
TABLE 8. 
Horse. Cow. 
'19 quarts I 266.9 quarts 
67.4 " 69.7 
Average capacity stomach .. . ................... .. .. ...... . . 
Average capacity sma ll intestines . ... ........ ... ... ... . . .. 
Avera ge capacity large iutestines .. . ..... .... •..... . ... ... 137.4 40 .1 
Averaee len \! th small intestines ........... .. .. ...... .. .. 73 .6 fe pt 150 .g feet 
Average length large intestines.. .. ......... . .. . . ...... .. U.5 36.3 " 
This elementary knowledge of the anatomy and physiology 
of the stomach of the horse should suggest to the feeder that a 
large ingestion of hay or coarse fodder of any kind by the horse 
will result in disorders of the digestive organs. 
Experiments ha ve been made which show that horses have 
a "uniformly lower digestive efficiency than ruminants." The 
horse dissolves less crude fiber than the steer or sheep, and 
this peculiarity is more marked in the case of the crude fiber 
of fodder crops than in the grains. These considerations led us 
to the conclusion that too much hay was being fed at the Station 
barn. 
*See Feeds and Feeding by W. A . Henry. 
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From weighings made of the amount of food fed before the 
experiments in horse feeding were begun, it was found that 
the draft horses were recei ving from 35 to 40 pounds of hay per 
day in addition to 12 to 15 pounds of bran and shorts. One of 
the horses ( Nig) had frequent attacks of Flatulent colic and 
occasional and somewhat serious attacks were noted with two 
of the others. These attacks usually occurred on Monday, 
after the horses had been idle Sunday, but began work en-
gorged with food. Since a more rational system of feeding has 
been adopted (the amount of hay fed being reduced from 10 to 
12 pounds) there has not been a single case of digestive dis-
order in the barn. 
During the fifth period the amount of food fed was consid-
erably less than for the four previous periods, and as will be 
seen by reference to table 6, all the horses maintained their 
weights fairly well. 
The horses were not entirely satisfied, in every instance, 
with the amount of food given them, but as they did the work 
required of them, maintained their weights and presented a 
good appearance, they evidently received sufficient food. From 
these experiments it is apparent that even under strenuous 
work, the desired results in horse feeding can be obtained with 
much less hay than is usually fed; and consequently to the 
financial gain of the feeder. It is folly to claim "that a horse will 
not eat more than is necessary, if allowed the liberty of the 
stack and the grain bin. The argument is sometimes made 
that a horse under natural conditions, on pasture, never eats 
more than"'is necessary, and that under these conditolls he is 
never subject to digestive disorders. While this is undoubtedly 
true, it must be kept in mind that as soon as we stable the 
horse and require work of him, we have taken him away from 
his natural _condition and placed him under unnatural environ-
ments. Thousanqs of dollars and many valuable horses could 
be saved , annually, in Utah, if the amount of coarse fodder fed 
horses could be reduced one- half. 
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TABLE 9-PER DAY PER 1400 POUNDS LIVE WEIGHT. 
I I Digestible Orgo.le sub'tanee· I ___ _ 
I ~I\~~!nce\ Protein I B~~~~~;s I Fat I Nutritive 
\ Pounds Pou.nds Pounds Pounds Ratio 
--
Ration for horses at heavy 
work . (Hstimated from 32.03 3.08 16.88 .986 1:6 
W oUf's standard) 
Average ration given two tim-
othy fed draft horses . 26.39 1. 72 10 .50 .667 1 :7 
Fifth Experiment 
Average ration given two lu-
cern fed draft horses . 27 .16 .299 10.93 .519 1 :4.4 
Fifth Experi went , 
In a comparison of the ration fed with the standard rations 
(or the rations figured out by scientists and based entirely on 
the physiological dem'ands of the animal without reference to 
the cost or profits which may result from their use) it is seen 
that the rations fed were below the standard in quantity. The 
standard rations are the quantities to be fed per day and per 
1000 pounds live weight. Since our draft horses weigh 1400 
pounds, the amount of dry matter and .digestible nutrients 
must, of necessity be increased. It would appear that since 
the horses are just two-fifths larger than the horses for which 
standard rations are prepared that the amount given should be 
increased by two-fifths. It is obvious, however, that this sim-
ple mathematical solution would not meet the requirements of 
the case, since the needs of a working animal are not directly 
proportional to its weight. 
Prof. Jordan, Director of the New York Agricultural Ex-
periment Station, in his recent book on "The Feediri.g of Ani-
mals, " discusses this phase of the subject. He says (page 290) 
"For the purposes of calculation it is assumed that animals are 
geometrically similar figures and therefore that their surfaces 
are proportional to the square root of their weights." 
On this basis, if a horse weighing 1000 pounds should be 
fed 100 pounds for each 1,000 pounds live weight, a horse 
weighing 1400 pounds would recei ve 88 pounds for each 1000 
pounds live weight. This method would seem to afford a much 
more satisfactory basis for computing rations since the ex. 
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perience of feeders has long since shown the folly of increasing 
the food directly wit~ the increase of the weight of the animal. 
With timothy, the nutritive ratio was wider, and with lu-
cern the ratio was narrower than the standard. It should be 
stated here that while the German standards call for nutritive 
ratios from 1:7 to 1:6, according to the severity of labor, the 
amount of protein being for a 1000 pound horse, 1.5 "to 2.5 
P9unds dai1y*, (1400 pound horse, 1.85 to 3.08 pounds daily) 
that this is more protein than is recommended by some ex-
" perimenters. 
Lavalard claims that under severe exertion a thousand 
pound horse does not require more than 1.35 pounds protein 
daily. ( 1400 pound horse, 1.66 pounds daily.) Our 1ucern 
fed horses receive an amount of protein very nearly approach-
ing that required by the German standards. 
Our recent experiments confirm the result of one experi-
ment reported from this Station several years ago by Prof. 
Sanborn (Third Annual Report) showing that more favor-
able results are obtained from the narrow nutritive ratio, 
though they are at variance with some of the results obtained 
at a later period by him. 
III. RELATIVE VALUE OF OATS AND BRAN AND SHORTS. 
It is evident from the study of the experiments, during 
four periods of which bran and shorts were used, and during 
one when oats made up the grain ration, that bran and shorts 
may be sUbstituted for the oats either when the horses are fed 
lucern or timothy. 
The tables, in fact, reveal a gain with lucern and bran and 
shorts with practically no exception. With 1ucern and oats 
there was neither a gain nor a loss. Where timothy was fed 
there was invariably a loss but no difference is noted in the 
effect when combined with oats or with bran and shorts. 
Usually the cost of maintaining horses can be very materially 
reduced by using bran and shorts, for oats as a rule, are com-
paratively more expensive than other grains. It is believed by 
many that oats impart to a horse greater activity or life than 
any other grain. If this be true there has not, as yet, been found 
* "The Feeding of Animals" page 375. 
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a scientific basis for it. Prof. Shepperd, in a recent bu11etin,* 
says that in a11 cases the bran and shorts maintained the horses 
as well as the oats. 
Some years ago when it was announced that an alkaloid 
(avenine) had been found in oats, the peculiar effect ascribed 
to oats was thought to be due to the presence of this alka-
loid. This theory, however, is no longer accepted, and it is now 
generally believed that grains which furnish the nutriment de-
sired at least cost, should be selected. 
IV. LUCERN ALONE AS A MAINTENANCE RATION FOR HORSES. 
It was thought advisable to obtain some data on the effect 
of lucern on horses when fed alone, since most of the farm horses 
of this s~ction are fed in this way during the greater part of the 
year. 
In fact, many farmers feed lucern to milch cows and the 
coarse stalks that are left are fed to the horses and this refuse 
is eaten with apparent relish. Of course, where the horses are 
at work, the best lucern is fed, but unless very severe labor is 
performed, it forms the sole ration for horses on many Utah 
farms. The first trial extended over a period of but ten days. 
One of the draft teams was placed in the basement, in cool box. 
stalls, and allowed no work or exercise whatever. An attempt 
was made to feed just sufficient lucern to keep the weights con· 
stant and in this we were fairly successful. 
1901 
TABLE 10. 
Weight 
of King 
Lucern Weight 
Eaten, lbs. of Priuce 
Lucern 
Eaten, ·lbs. 
----------1----------------_ _ 
July 11 . ... .. . . ... . .. . . . . . .. .. . 
July 12 .. . . ..... . . . .... .. , .. . . . 
July 13 ...... .. . .... . ... .... . . . 
July 1( ........ ... . .... .. ..... . 
July 15 . . .. .. ••... ...... . .. .... 
July 16 .. .. . . .. .. .. .. .. .... .... .. 
July 17 .... .. .. .. ... ... .. ..... .. 
July 18 . .. ... .... .. .... . ... .. .. 
July 19 .. .. .... .. .. .. .. ... .. .. 
July 20 .. . ......... .. .. ..... .. . 
1385 
1365 
1380 
1(00 
1390 
1380 
1395 
1390 
1385 
1380 
15 
20 
22 
20 
20 
20 
20 
20 
20 
~O 
1385 
1360 
1355 
1420 
1395 
1385 
1395 
1400 
1380 
1380 
15 
20 
30 
20 
20 
20 
20 
18 
18 
18 
---- -------J-------------- ---------1--------
Total. ............... .. J .. .. .. .. .. .. .. . . 197 , .... . . .... .... .. 199 
*North Dakota Bulletin No. (5. page 587 . 
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The above 'tabulated statement shows hat for ten days the 
weights of these horses weighing nearly 1400 pounds each, were 
maintained on slightly less than 20 lbs. of lucern per day. The 
amount of hay fed was soon eaten and the horses evinced a keen 
desire for more, but the scales were taken as the guide as to the 
proper amount to feed, regardless of the appetite of the horse. 
The same team, six months later, was given a lucern 
ration 'while at hard work. In January, the roads were ~oft and 
muddy and the pull extremely heavy. Nine hours per day of 
work was required, ex cept on Sundays. The plan of feeding 
during this period contemplated giving the horses all of the lu-
cern necessary to maintain weight, but it was found that 
this idea involved giv ing them all that they would eat. The 
experiment ex tended from January 14th to February 3rd, indu-
siv~. 
TABLE ll- EFFECT OF LUCERN ALONE AT SEVERE LABOR.. 
Date-1902 Weight 
of King 
Lucern Weigh t Lucern 
Eaten, Ibs. of Prince, Ibs. Eaten , Ibs . 
---------- 1- ----- - ----- --- - -- - -----
January 14 .. . .... .. . .. .. ... . . 
January 15 .. .. .... . .. .. , .. .. 
January 16 . . .. .. .. . ... ..... . . 
January:17 ... . . . ... . .. . . . . . .. 
January 18 .. .. .. .. ... .. .. . .. 
January 19 . . . . .... .. .. . . . .. . 
January 20 .. ... .. .. ....... .. . 
January 21 . . . .. .. .... . . . . .. . . 
January 22 .. .. .... . .. . ... .. .. 
January 23 . . , . .. .. .. . . . . . . . . 
January 24 .... .. .. ... .. . .. .. 
January 25 ...... .. ... ... . .. .. 
January 26 . . .. .. . .... . .... . .. 
January 27 .. .. . ... . .. .... . .. 
January 28 .... . . .. ... . . .... . 
January 29 .......... . .. .... .. 
January 30 .. .. ........ . .. .. . 
Januarv 31. .. .. .. .... .. . .. .. . 
Febrnary 1. ..... .. .. ... . . .. .. 
February 2 .. .. .. .. .. ... .... .. 
February 3 ... . . .. .......... .. 
1410 
1454 
143 
1436 
1424 
1386 
1422 
1440 
1422 
1440 
1444 
1416 
14.0 
1424 
1420 
1402 
1402 
14010 
1402 
1397 
1408 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
35 
40 
40 
40 
40 
40 
1420 
1«8 
1438 
14(0 
1442 
1394 
1444 
1(46 
144( 
1434 
1410 
1422 
1422 
1416 
1432 
1402 
1398 
1420 
139 
1388 
1344 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
35 
40 
40 
40 
40 
40 
Total. .. .............. I--~ ~--I---;-- 685 
HORSE FEEDING. 147 
The team received on an average 32.62 pounds of lucero 
p er day, for each horse, and with this amount the weights were 
.maintained almost constant except for the last weight of Prince 
when there was a ,marked falling off. On the 28th the team be-
gan hauling ice; as this req uired very great exertion, it was 
found necessary to increase the food to 40 pounds per day. 
Even with this increase it was impossible to keep Prince's 
weight constant, though tbis proved to be all the bay that be 
would eat. A great difference was noted by the teamster in 
t he life of tbe team; upon grain they bad always sbo ¥n con-
s iderable spirit, but soon after they were depri ved of the grain 
i t was found necessary to urge them frequently to do even the 
s low work required of them at ordinary farm labor. This is 
easily accounted for from the fact that tbe digesti've organs of 
the horses were taxed to their limit and tbe entire energy of 
t he borses was consumed in the process of digestion. 
It is doubtful if there is any economy in feeding a horse 
f orty pounds of 1 ucern per day. It is certain that better re-
sults can be secured by limiting the amount of bay to 20 pounds 
a nd substituting for the extra 20 pounds, enough grain to make 
up the cost. Tbis would secure at current prices! eight pounds 
of bran and shorts or 3.6 pounds of oats per day and this 
amount witb 20 pounds of lucern will make a better mainte-
nance ration than 40 pounds of lucern. Aside from the finan-
cial consideration it may be em phasized again that if digestive 
disorders are to be entirely avoided, concentrated foods must 
make up part of the diet of the borse. 
Our experience justifies the conclusion that even 12 to 15 
pounds of hay per day (See Experiment V) is sufficient fo~ a 
maintenance ration and it would seem wise, both from a finan-
cial and' physiological standpoint, to combine with this enough 
grain to enable the weigbts to be maintained. 
V. THE DIURETIC EFFECT ON HORSES OF EARLY CUT, MEDIUM CUT 
AND LATE CUT OF THl!: FIRST CROP OF LUCERN. 
In a recent issue of the Breeder's Gazette, previously re-
ferred to, the announcement is made that it is "absolutely cruel 
to maintain a borse exclusi vely on tbis forage (lucern)." It is 
explained that lucern proves to be such a strong diuretic that 
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it is not a safe feed. As has been explained before in this bul-
letin, tbe experience of feeders in this State disproves tbis-
statement. Lucern bas formed the sole fodder ration of all the 
horses belonging to the Experiment Station from the begin-
ning, twelve years ago, except when, for brief periods, they 
have been fed experimentally on other forage. The Station 
has never lost a horse, either directly or indirectly, from 
lucern feeding. Neither has there ever been any inconven-
iences noted as a re~u1t of excess~ve urination. True, obser-
vations have been made that horses on lucern excreted more 
urine tban on other feeds, but not enough more to cause any in-
convenience. However, to test this matter, the question was 
considered of sufficient importance to form the basis of careful 
experimentation. For this purpose the grade shire team was· 
placed in an experiment extending over a period of 60 d~ys. 
A special harness (See figu re 1) was devised by means of , 
which it was possible to collect all the urine passed either 
when at work or in the stable. A careful record was made of 
the amount of food eaten, the amount of water drank and such 
other data as would in any way affect the experiment. Cut-
tings were made from a piece of lucern on the College farm 
during tbe previous summer at different stages of growth des-
ignated early, medium and late of the first crop.* In order to 
eliminate any error which might arise through individuality, 
each cutting was fed to both horses, the comparison being made 
with timotby during both periods. The experiment began 
Feb. 10,1902, and extended for 60 days; each period consisted 
of ten days. 
*For description of these terms see Bulletin No. 61, page 159, Utah Experiment 
Stati ou. . 
TABLE 12-Ta~ :D1URETIC EFFECT OF EAitLY. MEinUM ~ND LATE CUT LtrcERN AND TiMOTHY HAY. 
HOBSE BILLY-(Lucern.) HOBSE BILLy-(Timothy.) 
AYerage Daily Amount of II Average Dbily Amount of 
P . d I Number I Hay I Water u~;:-e I Avera~e 
erlO . ... . of Days Eaten, Consumed Excreted Weight 
Second ....... . 1 7 ~~~ly 1~lbS. 1 99.11 lbs. 32 ,(7 Ibs.1 1434Ibs. 
Fourth •..•.• ,' "~~um , 241bs. 190.19 Ibs'126,64 Ibs'l 1t3<llbs. 
Sixth . ......... 7 Late Cut 25 lbs. 109,70 lbs. 26.86 Ibs. 1417 lbs. 
II
'" I Number IHay EatenJ Water I Urine I Ave~age PerIod , . .. . . of Days Pounds , Consumed Excreted :a~l:!jst 
--,--,---- - -
Fi .. t...... .... 4 20." 187.81 lb .. 1,6.06 lb .. 1 14,. 
Third ..... ... 1 9 21 17 174.42 Ibs·116 .83 lb.. 1437 
Fifth ......... 21. 70 104.15 lbs. 16 ,27 Ibs.1 1495 
Averal'e ............ 1 M.66 IbS. \99.66 IbS· 1 28.66 Ibs·1 14.28 Ibs. II Average ............. l 21.27 1 88 .79 Ibs. j 16.39 Ibs.1 1452 
HOBSE NIG (Lucern.) HOBSE NIG (Timothy.) 
Firat .......... 7 Early 221bs. 90.5 lbs. ".431bs. I 1471 lb.·\I_ond ........ 7 16.80 168.32 lb .. I 15.37 lb .. 1 . U82 Cut 
8 Medium Third .... . .... Cut 22.7 Ibs. 75 .5 lbs 26.88 lb .. \ 1531 lb.. I\'ourth .. .... 9 16.67 \68 .« lb .. \ 15.88 lb .. \ 1602 
Fifth .... . .. 6 Late Cut 20.46 lbs. 79.M Ibe. 23 35 lbs. 1499 lbe. 5ixth .. ........ 9 16.06 88 40 lbs. 15 .80 Ibe. 1479 
Anrage . .. .. ...... 121 72 Ibs· I .81.85 Ibs·125.89 IbS./1500 Ibs. II Average ............. 1 16.51 1 75 .05 Ibs. ! 15 .68 IbS., 1488 
~ 
o 
~ 
tr.l 
'Ij 
tr.l 
~ 
z 9 , 
..... 
~ 
..,c 
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Accidents occuring occasionally during the· experiment, it 
was found impossible to collect all the urine, hence the table 
shows the results only for the days on which no mis hap oc-
curred. As will be seen, in the main, these failures did not 
occur frequently enough to disturb the accuracy of the res ults. 
Each horse received in addition to the amount of forage shown 
in the table, 15 pounds of oats daily, except during a few day s 
that they remained in the stable, when the amount of oats fed 
was reduced to ~ight pounds. T wenty-five pounds of hay per 
day was fed, a.nd the amount eaten is recorded in the table. 
The weight of horses given is the average weight for two· 
days at the beginning and two days at the clos e of each 
period. 
During the sixth period, the amount of water consumed 
was much in excess of any other period. During this time the 
spring plowing and harr owing was in progress and the charac-
ter of the work undoubtedly affected the amount of water 
drank. 
The water taken into the body is :filtered from the blood a 
it passes through the kidneys, from which organs it is con-
Teyed into the bladder. The amount of water excreted 
through ·the kidneys is dependent upon the quantity drank and 
that in the food. This rule may be modified, however. as was 
the case in this ex periment. During the six th period, both 
horses drank much more water than during the preceding 
periods, but the amount excreted from the kidneys did not in-
crease. This can perhaps be accounted for from the fact that 
the work performed during this period caused excessi ve action · 
of the sweat glands. Water passes off through the sweat 
glands of the skin and during the early spring when there are 
almost constant winds. evaporation takes place very rapidly 
from the body. The am.ount of water passed off in this way 
has never been determine:d, but all of the water taken into the 
body is passed off either from the lungs as vapor, from the 
skin as sensible or insensible perspiration, or through the kid-
neys as urine. The suggestion has been made by practical 
horsemen that the reason a greater amount of urine is excreted 
when horses are fed lucern, is that there is more water in the 
air dried lucern than in the cured timothy. That this theory 
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does not have a rational basis is attested from the following 
table of determinations of moisture made by Mr. McLaughlin 
of the Chemical Department: 
In 100 pounds of 
Early cut lucerll, 1st crop, there are 10.,53 pounds of water. 
Medium" " "" "" 9.64 " " " 
Late " " ,," " " 10.44 " " " 
Timothy hay " " 10.70 " " " 
These determinations were made during the time that the 
hay was being fed, and it is seen that the timothy contained 
more water than either of the cuttings of lucerne 
The amount of urine excreted is almost constant for each 
horse during those periods when fed timothy, and as will be 
seen from the tab1e, is on the average 42 per cent. less for Billy 
and 39 per cent. less for Nig than when fed lucerne Billy drank 
10 per cent more water and Nig 8 per cent. more when fed 
lucern than when fed timotby. 
There is no evidence at hand, however, to prove that tbis 
greater consumption of water, and the consequent greater 
elimination by the kidneys is in any way detrimental to the 
health of horses. Indeed, might not the contrary results be 
expected? Is it not possible that the increased action of the 
kidneys and the greater amount of water passi,ng through the 
body may result in clearing the body from injurious compounds? 
The following table gives the specific gravity and composi-
tion of the urine collected during the experiment. A so..mple of 
the urine was taken during the last seven days of each period, 
allowing three days for the effect of change of feed. It is be-
lieved that the urine carries all the waste nitrogen from the 
digested protein in the form of urea and similar bodies. It is 
not believed by the latest German investigators that tht! perspi-
ration contains any appreciable quantity of nitrogenous com-
pounds, hence we are' led to believe that in the urine is found 
practically all the waste nitrogen from the body. 
Horse I Period I Fodder 
I I 
Lucern-Billy . ... . .. . .... .. Second Early Cut 
Billy . .. . . . . . . . ... Lucern-Fourth Medium Cut 
Billy ............•. Lucern-Sixth Late (Jut 
Billy ........•..••. First Timothy 
Billy . ..........••• Third Timothy 
Billy .. .. . ........ . Fifth Timothy 
Nig ........... .... First Lucern-Early (Jut 
Nig ... . . .. . . ... . . . Lucern-Third Medium Cot 
Nig ................ Lucern-Fifth Late Cut 
Nig ....... . .. . .... Second Timothy 
Nlg .. .. ........ .. Fourth Timothy 
Nt .. . ........ . .. .... Sixth Timothy 
'l'A13LE 13- SHOWING NITROGEN EXCRETION. 
A.verage Average 
Amount A.mountof Per Cent I Average \ {l,oantity ~f 
of Urine Daily Urine N' Per Cent Itrogen In 
Excr~ted Excreted for r Itrollen I Nitrogen I Urine Daily 
Daily Fodders 
( 
32 .• 7 lbs. ") 1.32 ") .4286 l bs . 
I i ~ 26.6' lbs. 28.66 Ibs. lAO r 1A5 . 3729 Ibs . 
I I I 26 .86 lbs. ) 1.63 ) .4378 lbs . 
16 .06 Ibs 1 1.22 } 
.1959 Ibs. 
I 16.83 Ibs. r 16 .39 lbs. 1.09 1.38 .183' Ibs . 
16.27 lbs. J 1.83 .2977 lbs . 
27 .431bs. 1 1.66 ") .4553 lbs . ~ 26 .88 Ibs. 25. 89 lbs. 1.67 1. 73 .4488 lbs . 
I I 
23.35 Ibs. J 1.87 J .4366 lbs. 
'M'lbo. } 1. 74 } .2674 Ibs . 15.88 Ibs. 15.68 Ibs. 1.72 1.73 .2731 Ibs . 
15.80 Ibs. ) 1. 75 .2765 lbs. 
-
Average I I A ~llantity of Specific ver~tre 
't . G ' SpecIfic 
I rogen In I ravlty I Gravity Urine 
") 1048 1 ~ A0981bs • 10!8 I 10~ I 
J 10~ J 
") 10~ ") 
I 
f I .2257 lbs. 1039 1042 
J 104' J 
f 
1047 1 
.4469 lbs. 1050 r 1051 
I 
J 1055 J 
") 1045 1 I 
r .272:3 Ibs. 1049 
r 
1046 
I 
J 10~ J 
~ 
CJl 
N 
to 
~ 
t.:rj 
~ 
Z 
z 
? 
" '-f 
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It has been stated by many :physiological writers that the 
quantity of nitrogen in the urine varies much with the diet of 
the animal. It will 'be seen from a study of table 13 that 
there is very little . variation in the per cent. of nitrogen in the 
urine from Billy and no difference in the per cent. of nitrogen 
from Nig. This variation, it would seem, results more from 
the individuality of the horse and character of the work done, 
t4an from the food. There is, however, a marked difference 
in the total amount of nitrogen excreted, the average daily 
amount being 81 per cent. for Billy and 64 per cent. for Nig 
more when fed lucern than when fed timothy. This can be 
partially accounted for in the study of the analysis of the two 
fodders, lucern containing nearly twice as much protein (total 
nitrogen compounds) as timothy. The quantity of nitrogen 
'not excreted and unaccounted for would 'seem to give a partial 
·explanation of the gains made by the horses in nearly every in 
-stance when fed lucern. That protein serves other purposes 
in the animal economy than replenishing waste muscular tissue 
is now quite generally conceded, though of course the main 
function of protein in the food of horses is to build up and repair 
the working machinery of the body. It has been demonstrated, 
however, that protein, in excess of the amount required to build 
up and repair the waste of the body, may be broken down to 
form fat and deposited as such, or used in the production of 
heat and energy. 
From the table it is seen that the tendency is for the 
greatest excretion of urine from the early cut lucern and least 
for the late cut, though the consl'lmption of water does not vary 
in this way. 
Table 14 is presented to show the total amount of nitrogen 
consumed and excreted daily. The analyses of the fodders in 
this table is taken from Bulletin No. 54 by Dr. J. A. Widtsoe. 
Other analyses and the digestive coefficients are taken from 
" The Feeding of Animals" by Jordan. 
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TABLE 14-CmlPARBON OF TOTAL NITROGEN EAT EN AND EXC RE TED . 
1ii: I ::.;,;: I n~{~~:~ I::.,;;,~ I Nr.~~~cn I ~!~!~tdl ~~~;';.::l 
Horse Fodder Eat~n Ea~n Dail~r Oa.ts Daily Di~t;lsti- neys Daily 
Dally Dally Da lly blhty ' 
Billy .. Lucern 
Billy .. Timothy 
of HaY lof o atsl Fodd
m 
from I Bateu I for I by Kid-
- - -I--- - - IU--.6-6-lb- Si14.42IbSl o.4553 IbS 0.27221 .,.75 I .54" I .409 
21.271bs 14.421bs 0. 1997 lbs 0.2722 .4719 .257-1 .2257 
21.721bS lu.421bSI 0.40101bs 0.27<l2 I .6732 I .5078 I .4469 Nig . .. . Lucern 
Ni t .. .. Timothy 16 511bs 14A2lbs 0.15431bs 0.2722 .4265 .2478 .2723 
The amount of nitrogen in the fodders is found by dividing' 
the total amount of protein by 6 25, this being based on the 
assumption that the nitrogen in protein compounds is equal to · 
one-sixteenth, though late German authorities claim that tbis . 
factor should be discarded. '" 
In three out of four instances, more nitrogen was eaten 
than was obtained from the urine. The source of tbe excess of 
nitrogen in the urine from Billy when fed timotby, 'over tbat 
obtained from the feed, can only be explained by a breaking 
down of muscular tissue. If tbere is an excess of nitrogen in 
tbe urine over tbat fed, there is an excessi ve decomposition of 
nutritive material in the blood, or of muscular or other body 
tissues. Where this nitrogenous waste results from the des-· 
truction of muscular tissue, it is spoken of as flesb consump-
tion. It is probable that in such short feeding periods as was· 
tbe case in this experiment, that the excess of nitrogen was 
furnished from the blood. Experiments made in this line show 
that "when a change in diet occurs, the consumption of protein 
will increase or decrease according to the changes made in the· 
supply of protein in the food."t 
It is apparent from the table tbat tbe tendency is to use. all 
of tbe protein when horses are fed timo\hy , and in both cases 
there is an apparent waste of nitrogen when horses are fed 
lucern. In sections of the country where the proteins are the 
expensive part of the ' diet, this waste might be considered. 
serious, but here where our principal forage crop (lucern) fur-
. nishes protein in abundance, it is doubtful if it is either a waste-
ful or harmful practice. 
* Rf'!tthflusen. a prominent German authority, suggests the use of 5.7 fo r the ma-jority of c e r e ,d gr ,Llns arid legumi ,lOus seeds and 6 for barley, corn, buckwheat. soja 
beanll alld some other crops. 
t.:See li'eeds and Feeding, Page 43. 
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An examination of the urine in case of certain diseases of 
horses, furnishes exact information as to the disease. It often 
occurs that the normal matters which are contained in the 
urine, are present ip. abnormal qu.antities. The dry residue of 
the urine consists of salts, such as the chloride of sodium, 
potassium and ammoni um, the phosphates of lime, magnesia,soda 
potash and iron; also sulphates, carbonates and oxalates. The 
specific gravity of normal urine from the horse is 1040. The 
specific gravity of the urine from the timothy fed horses more 
nearly approaches the normal and we conclude that there is an 
abnormal quantity of salts (or sediment) in the urine from 
horses when fed lucern, an observation which most lucern 
feeders have made. 
Table 15 is presented to show the relation between the per 
cent. of nitrogen, the per cent. of dry residue, the per cent. of 
nitrogen in the dry residue and the specific gravity .. 
~ 
(}1 
TABLE IS-PER CENT OF NiTROGEN AND DRY RE:3if>UB AND SPECIFiC GRAVITY OF URINE ON LUCERN ANi:> TIMOTHY. 0\ 
Per Cent Average Per Cent 
Horse Period Food of Per Cent of Dry 
Nitrogen Nitroeell Residue 
Billy Second Lucern- 1.32 ") 8.01 ...... . .. .. . Early Cut 
Billy ... . ..• . •.• ••• 1 Lucern- . 
I 
Fourth Medium Cut 1.40 r 1.45 7.21 I 
Billy .. .. . .. ... ... / Lucern- 1.63 Sixth Late Cut ) 8.98 
Hilly .............. First Timothy 1.22 ") 7.95 
Billy . ... . .. . .... . . Third Timothy 1.09 ~ 1.38 7.45 
- I 
Billy .............. Fifth Timothy 1.83 J 8.74 
Nia- ... ... . .... . . . .. First Lucern- 1.66 ") 7.20 Early Cut l Third Lucern- 9.62 Nig .. ... . . ... .. , . . . Medium Cut 1.67 1. 73 
Lucern- I Nig ................ Fifth 1.87 J 10 .19 Late Cut 
Nig ...... . . ........ Second Timothy 1. 74 1 
8.81 
Timothy Nie-....... .. ....... Fourth 1. 72 ~ 1. 73 8. 17 
I 
Nig ... ......... ... Sixth Timothy 1. 75 ) 7.86 
Average Per Cent of Average Per-.Cent Nitrogen in Per Cent of of Dry Dry Residue Nitrooen in Residue Dry Residue 
- - --
") 16.48 1 ~ 8 .06 19.35 I 18.01 J 18.20 ) 
1 15.40 I I 
r 8.05 14.66 r 16.98 
I 
J 20. 89 J 
") 23.03 1 l I 9.(;0 19.06 20 .13 I I 
I 18.31 ) j 
1 
19.94 ") 
I 
8 .28 21.02 II 20.97 I ) 22.95 
Specific 
Gravity 
10fB 
1048 
1048 
1043 
1040 
1044 
1047 
1050 
1055 
1045 
1049 
1043 
Averafe 
Speci c 
Gravity 
") 
I 
I 1048 ) 
1 
r 
10!2 
J 
") 
I 
r 
1051 
) 
1 1046 
I ) 
t:d 
~ 
~ 
~ 
~ 
Z 
z 
9 
'f 
'f 
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From the table it is evident that there are no regular vari-· 
ations, except in the case of the specific gravity from which 
any conclusions could be drawn. The specific gravity of the 
urine is much great~r in both cases with the lucer~ fed horses. 
VI. THE AMOUNT OF W ATER DRANK AS INFLUENCED BY THE. 
F OOD. 
Until the last series of the experiments reported herein, 
few records were made as to the amount of water drank by 
horses. During the last experiment, careful weighings were 
made and recorded as to the amount of water drank. The 
horses are always given water three times a day just before 
feeding. 
During the first experiment, the two horses fed lucern 
drank an average of 107.5 lbs. of water each daily, as compared 
with 103.75 lbs. of water drank by each of the timothy fed 
horses. These averages, however, are for but three days, 
April 15th, 16th and 17th, 1899. 
The amount of water drank was again recorded in Febru--
ary, 1901. The two timothy fed d raft horses drank an aver-
'age of 62.5lbs. of water daily, .and the two lucern fed draft 
horses, an average of 70 lbs. daily. ·It will be observed that 
the daily amount of water drank, differs quite materially for the 
two periods. This can, perhaps, be attributed to the difference · 
in the season of the year and the character of the work done. 
The lighter horses drank on an average, 47 lbs. of water daily 
and no perceptible difference is noted between the timothy fed 
and lucern fed horses. 
Beginning February 10,1902, the exact amount of water 
drank by each horse in this experiment was recorded. The 
following table shows the total amount of water drank during ' 
the experiment: 
TABLE 16- EFFECT OF F EED ON AMOUNT OF WATE R DRANK. 
I on Timothy I Pounds IOn Lueern l Cut in I Pound~ 
First Period .. . .. .. . . Billy 902 Nig Early Bloom 853 .50 
Second Period. . .. Nig 675 .50 Billy II .. 959.75 
Third Period .. . .. ... . Billy 7.a Nig Medium Bloom 775. 
Fourth Period. . .. . Nig 679 . ~0 Billy II .. 895 . '75 
lIifth pedOd..·· · ····1 Billy 
I 
830.25 Nig Late Rloom 727.21 
Sixth Period ... . ... " . Nig 877 .25 Billy II .. 1.20. 
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From a study of the record during the entire period of sixty 
days, it is seen that the horses fed lu~ern drank 621 pound,s more 
water than those fed timothy. The average amount of water 
drank daily, per horse, on lucern was 88.85 pounds; on timothy 
it was 78.51 pounds. It is evident that feed does exert an 
influence on the amount of water consumed. Billy, on lucern, 
drank an average of 99.2 pounds of water per day, while the av-
erage amount of water consumed during an equal number of 
days when fed timothy was 82.6 pounds, a difference of 16.6 
pounds daily. Nig drank a daily average of 4.1 pounds more 
water when fed lucern; it is th us seen that the character of food 
fed affected the amount of water drank considerably more in the 
case of one horse than in the other. Referring to table 12. it 
can be seen that Billy consumed 4. 04 pounds of water for each 
pound of lucern eaten, and 4.17 pounds of water for each pound 
of timothy eaten. Nig drank for each pound of lucern 3.77 
pounds of water, and for each pound of ·timothy, 4.55 pounds. 
We conclude therefore that while horses consume mote water 
when fed lucern than when fed timothy, it is only because of 
the greater ingestion of that fodder, the horses eating more of 
it, when fed an equal amount. In the case of both'horses, more 
water was required when fed timothy, if we consider the 
amount actually eaten, the difference being especially marked 
with Nig. 
• A study of the amount of water consumed by each horse~ 
affords an interesting comparison. Billy, on timothy, drank in 
thirty days,246 pounds more than Nig. On lucern. Billy drank 
620 pounds more than Nig during an equal period. It must be 
remembered. that t'he variation in the amount of water con-
sumed can not be accounted for by any difference in the work,'. 
as the horses were worked together, hence we must conclude 
that the individuality of the animal is a potent factor in water 
consumption. 
It would seem from the above that the amount of water 
consumed varies with the dry matter eaten, though further ev-
idence is required to make this conclusive. 
PREVIOUS WORK ON HORSE FEE DING. 
It has now been some years since the first experiments 
were conducted at tbis station on horse-feeding. While the ex-
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-periments throughout have been incidental to tbe other work, . 
. et much valuable data bave been obtained and it is tbought 
wise to make a brief summary of the previous work and thus 
·,bring all of the materia] on band in an available .form for ref-
-erence. It is possible, too, that this bulletin may reacb many 
'who bave not bad an opportunity to see a report of the previous 
·work. 
T£me of vJ(aterz'ng Horses.-In Bulletin No.9 of this Station, 
·Professor Sanborn reports a series of expedments conducted 
.at the Missouri and at the Utab Experiment Stations on "Time 
of Watering Horses." While he does not consider tbe trials 
,conclusive, he finds that horses wa'tered before feeding grain 
retained their weigh t better tban wben watered after feeding 
:grain. He advises, however, watering both before and after 
feeding, as a prior trial seemed to show "a small apparent ad-
vantage i~ favor of fee~ing after watering on digestion." . 
Whole v s. Ground Graz'n for Horses.-In the same bulletin 
:an experiment on whole versus ground grain is reported. The 
.experiment extended from May 25th to July 6th. There was 
practically no difference in the weigbts of the horses fed on tbe 
whole or cracked grain. The foll.owing statement on tbis sub-
ject is taken from Bulletin No.9: 
"Possibly the view tbat unground grain, in tbe process of 
·slow mastication, secures the greater solution in tbe moutb,. 
and thereby a benefit, is not incorrect; or again, that ground 
grain in the moist stomach tends to pack into impenetrable 
masses wbich non-grinding obviates. It is quite as probable,. 
however, that tbe partial breaking that it secures in the mouth 
is ample tv secure th~ full action of tbe digestive agents on the 
food eaten." 
"We know that pure water will at last penetrate to the 
·center of our seeds, and that dissolution soon follows under 
-the action of certain forces that are set in motion in the pres~ 
ence of moisture in seeds. Shall we assume that tbe acids. 
:digestive juices and ferments <lesigned for the solution of the 
·organic compounds of seeds are inadequate for tbeir intended 
·ends? The assumption is a violent one, instead of being a log-
icalone. If tne view that grain should be ground is-to find an 
.adequate defense. it w0U!ld seem that it must rest upon the en-
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-ergy required to perform the work of mastication and digestion, 
of whole grain, that grinding relieves the animal system of per-
forming. The time has not arrived for final conclusions , or 
even for sweeping conclnsions on the subject. It would appear 
that grinding grain .for horses is not likely to prove an econom.-
ical process, unles s it be to relieve worn teeth. " 
If the cost of grinding the grain is taken into consideration , 
ground grain would have to be from 15 to 20 per cent more ef-
fective than whole grain to make the process profitable. As. 
there was practically no difference in the weights of the horses-, 
the conclusion is reached that it does not pay to grind grain for 
horse feeding. 
Horses Covered w£th Blankets v s. not so Covered~­
In Bulletin No. 11, an experiment is reported on the effect 
of keeping horses continually blanketed . The experiment was 
conducted during a part of January and F ebruary extending 
over a period of forty-two days. It was found that blankets. 
worn daily while at work, proved a source of irritation to the 
horses. The conclusion was reached that horses wear ing 
blankets beneath their har~ess in the day and blanketed-in 
the stables at night do not hold their weight as well as those 
without blankets. 
Feeding Horses H ay and Grain M £xed.-In 1891 two trials 
were made to determine if the generally accepted belief that 
hay and grain mixed are more effective than when fed separ -
ately, is correct. The trials led to the conclusion that cut-
ting and mixing hay and grain is not a profitable practice.-
Professor Sanborn questions whether any physiological princi -
ple is involved. 
Feeding Cut Hay v s. Whole Hay to-Hors-es.-The practice 
of cutting hay for horses is also discussed in the same bulletin 
(No. 13). The reasons _ assigned for cutting hay, are: first, 
that much of the labor of mastication ~s obviated when the hay 
is finely cut; and second, that more complete mastkaHon is 
the result of the practice, and through it more complete di,ges-
tion. 
On the other hand it is argue-d that cutting adds but 
slightly to the end secti9ns of the hay, and that mastication is 
far more ~ffective than the square sharp. Gut 0f a kBife that 
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merely shows a little more of tbe end section of tbe bay, wb i1e 
mastication is a trituration, a sort of imperfect grinding of the 
whole stem, and that wben fed whole. tbe bay is more slowly 
eaten and the gastric juice is more perfectly mixed with it. 
To test these theories, an attem pt was made to settle the q ues-
tion by a feeding test. Two lots of horses were used, each lot 
consisting of two work borses. From the experiments con-
ducted it seems evident: 
1st. That timothy hay cut into very short pieces makes 
the horses' mouths sore and in consequeuce tbere results a 
falling off in weight. (As these results were not those of a di-
rect trial, but the surface indications of an indirect trial, it may 
be that tbe conclusion is not well founded) . 
2nd. That lucern and oclover cut into very fine pieces re-
sults in a greater gain than uncut 1ucern and clover. The oto-
tal gain for both periods of lot receiving cut 1ucern and clover 
was 174 pounds and for the lot receiving whole hay 57 pounds. 
Narrow vs. Wzde NZdrz"t£ve Ratt"ons for Horses.-In 
the Third Annual Report of tbis Station (1892) and in 
Bulletin No. 30, the result of feoedingO wide and narrow 
nutritive rations to horses is given. The first trial 
was favorable to the narrow nutritive ration. The nar-
row ration was made up of clover, oats and wheat, 
while timotby and corn made up the wide ration. Tbis 
trial ran through the summer when the influence of what 
has been termed beating food, like corn, might be less effective 
tban in the winter season. The trial was repeated during the 
cold weather, the rations being reversed to determine the indi-
vidual factor. The results of the latter experiment were fa-
vorable to the wider ration; the tesOt shows that corn and timo-
thy are superior to clover,timotby and oats, notwithstanding the 
fact that tbe popular estimation of tbe value of tbese foods 
leans strongly to the latter ration. It was found in this ex peri-
ment tbat a small amount of protein, eighty-two one-hundretbs o 
pounds per day per borse, was as adequate for tbe borses as 
double tbe amount, tbus showing tbat a very small amount of 
protein per day is sufficient for a working borse . . 
R elatt"ve Value of Conz and Oats for Hones (Bulletin No. 36.) 
- Tbe work instituted by Professor Sanborn comparing wide 
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with narrow nutritive rations led 'Professor Mills to conduct an 
experiment making a direct comparison of .oats and corn asthe 
principal grain ration for horses. The experiment included 
the horses belonging to the Station and extended with neces-
sar.y variations, from April 16th to September 26th. From a 
review of all the tables presented it is found that the horses fed 
oats lost 47 pounds, while those on corn gained 29 pounds, thus 
fa voring the corn ration by a total of 76 pounds. 
Tables are presented in the bulletin which show that corn 
contained enough more digestible matter than oats to account 
for the excess of gain of the corn fed lot over the oat fed lot. 
CONCLUSION. 
In conclusion the writer acknowledges the assistance of 
President Luther Foster of the Ne'w Mexico Agricultural Col-
lege, formerly Director of this Station, who was responsible for 
the initial work and who gave much encouragement. Director 
J. A. Widtsoe has given many valuable suggestions. Without 
his encouragement the device for collecting the urine and the 
successful completion of .that work would not have been possi-
ble. Mr. J. B. Nelson, Farm Foreman, did all the weighing of 
the last experiments. To Professor Dryden, who has taken the 
photographs, and to Dr. Yoder, who has made the urine analy-
ses, my acknowledgements. are due. The writer appreciates 
the fact that we have made but a beginning in the study of 
scientific horse-feeding but it is his hope that these studies may 
be continued and extended until the practice is placed on a ra-
tional and scientific basis. 
GENERAL SUMMARY AND CONCLUSIONS. 
(1) .. In comparing lucern and timothy as roughage for 
horses, the results of six tests, under varying conditions of 
work, show that it is not as difficult to maintain the weights of 
horses when fed lucern as when fed timothy. 
(2). The cost of maintenance was greater in every case, 
except one, on timothy than on lucern. 
(3). The appearance of the horses in ever V comparison 
of lucern and timothy was in favor of the lucern fed horse. 
(4).. Wh~n lucern and .timothy were fed ad lz'b-itum much 
greater quantities of lucern were consumed. 
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(5) . · No ill results were noted on the health of the horses 
by long continued lucern feeding. 
(6 ) . Attacks of colic and other digestive disorders can be 
prevented by a judicious system of feeding. The amount of 
bay fed on most Utah farms could be reduced at least one-half. 
It may be economical to reduce the amount of hay and increase 
-the amount of grain fed to horses. 
(7) . It is evident from a study of the ex periments, during 
"four periods of which bran and shorts were used and during 
-one when oats made up the grain ration, that bran and shorts 
may be substituted for the oats, whenever the horses are fed 
l ucern or timothy. 
(8 ) . . Twenty pounds of lucern per day proved sufficient 
to maintain the weights of horses weighing nearly 1400 pounds 
when at rest. When at heavy work, 32.62 pounds of lucern 
per day was barely sufficient to maintain the weights of the 
-same horses. 
(9). The greater consum ption of water when horses are 
fed lucern, results in a greater elimination by the kidneys, but 
we have no evidence that this greater elimination is in any way 
-detrimental to the health of horses. 
(10) . From the tables it is evident that there is a tendency 
to use all of the protein when horses are fed timothy , and an 
:apparent waste of nitrogen when horses are fed lucern. This 
waste is not considered serious, here, as protein (nitrogen com-
pounds) is not an expensive part of the diet. 
(11) . It would seem from the experiments conducted on 
the amount of water consumed by horses that the amount va-
ries with the amount eaten, though further evidence is required 
to make this conclusive. In the experiments conducted, the 
.horses fed timothy ingested more water for each pound of dry 
matter eaten than the lucern fed horses. 
(12) . The indi viduality of the animal is a potent fact; r, 
both in food and water consumption. 
(13). Watering both before and after feeding is recom-
mended. 
(14). It does not pay to grind grain for horse feeding. 
(15). Blanketing horses while at work, even in cold weather, 
proved a source of irritation to the horses, and is not advised. 
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(16). Cutting and mixing hay and grain is not a profitable 
practice. 
(17). Timothy hay cut into very short pieces makes the 
horse's mouth sore and in consequence there results a falling 
off in weight. Lucern and clover, cut into very fine pieces, re-
sults in a greater gain than uncut lucern and clover. 
.r 
